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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, KOHJI SAKAI , a citizen 
of Japan residing at Tokyo, Japan, MAGANE AOKI, a 
citizen of Japan residing at Kanagawa, Japan, SEIZO 
SUZUKI, a citizen of Japan residing at Kanagawa, Japan 
and HIROMICHI ATSUUMI, a citizen of Japan residing at 
Kanagawa, Japan have invented certain new and useful 
improvements in 

SCANNING OPTICAL SYSTEM, OPTICAL SCANNING DEVICE 
AND IMAGE FORMING APPARATUS 

of which the following is a specification:- 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a scanning 
optical system, an optical scanning device and an image 
5 forming apparatus. 



2. Description of the Related Art 
Optical scanning devices are widely known with 
regard to a digital copier, a laser printer, a laser 
10 plotter, a laser plate-making apparatus and so forth. 

A scanning optical system is used in an 
optical scanning device, and is an optical system 
condensing a beam deflected by an optical deflector and 
forming a beam spot for scanning on a surface to be 
15 scanned. The beam spot thus formed on the surface to be 
scanned scans the surface to be scanned and performs 
image writing. 

Recently, it is demanded for such an optical 
scanning device to perform scanning in high density at 
20 high speed. Further, in many cases, by the reason of 
layout of an image forming apparatus employing such an 
optical scanning device, "a long back length' is 
demanded for the scanning optical system. 

'The back length' is a distance from one of 
25 imaging elements (such as lenses, concave mirrors) 
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included in the scanning optical system which one is 
disposed closest to a surface to be scanned, to the 
surface to be scanned. 

In an image forming apparatus employing an 
5 optical scanning device, it is difficult to change a 
structural configuration. 

For example, in the image forming apparatus, a 
photoconductive photosensitive body is used as a 
photosensitive medium, it is charged uniformly by a 

10 charging unit, then, an image is written thereon by an 
optical scanning device, the thus -formed electrostatic 
latent image is developed into a toner image by a 
developing device, the toner image is transferred onto a 
transfer paper and is fixed thereonto, and thus, image 

15 forming is performed. 

In such a case, structural positional 
relationship of the mechanical devices needed for the 
image forming process such as the charging unit, 
developing device, transfer device and fixing device, 

20 with respect to the photosensitive body, is limited due 
to the mechanical configurations thereof. Accordingly, 
the positions thereof are almost fixed, and thus, it is 
difficult to change these positions. 

In contrast to this, with regard to the 

25 optical systems of the optical scanning device, an 
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optical arrangement from a light source to a surface to 
be scanned (substantially, the photosensitive surface of 
the photosensitive body) can be changed freely to some 
extent, and can be optically designed according to a 
5 layout of the charging unit, developing device and so 

forth, in the image forming apparatus. Therefore, there 
are many cases where ' the scanning optical system having 
a long back length' is demanded in a view point of 
layout . 

10 Recently, 'the scanning density" of the 

optical scanning device is demanded to be higher, for 
example, 1200 dpi (the number of dots per inch) or 2400 
dpi. In order to achieve high density of scanning, it 
is necessary to reduce a diameter of a beam spot formed 

15 on the surface to be scanned. 

In order to reduce the diameter of the beam 
spot, it is necessary to enlarge the diameter of the 
beam incident on the scanning optical system. When the 
diameter of the beam incident on the scanning optical 

20 system increases, , it is important to make uniform the 
wave -optic wavefront aberration whatever the image 
height is, as well as improvement of the geometric-optic 
characteristics such as curvature of field and imaging 
magnification, for the scanning optical system. 

25 As a system for increasing the scanning speed 
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of the optical scanning device, 'a mult i -beam system' in 
that the surface to be scanned is scanned by a plurality 
of beam spots at the same time is watched. Therein, a 
light source in an LD array system in that light 
5 emitting sources of monolithic semiconductor laser array 
are arranged in row, or in a beam combining system in 
that beams from a plurality of semiconductor laser are 
combined, is used. 

When such a light source in the LD array 

10 system or beam combining system is used, similarly to 
the case of the scanning optical system in the single 
beam system, it is possible to use in common the optical 
systems on the light path from the light source to the 
surface to be scanned for a plurality of beams . 

15 Accordingly, it is possible to achieve the optical 
system in the multi-beam system with high stability 
against structural change. 

Also in the case of the multi-beam scanning 
system, it is necessary to reduce the diameter of each 

20 beam spot formed on the surface to be scanned for 

achieving high-density scanning. For this purpose, it 
is necessary to keep the wave-optic wavefront aberration 
smaller as in the case of single-beam system. 

2 5 SUMMARY OF THE INVENTION 
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An object of the present invention is to 
achieve a scanning optical system by which it is 
possible to secure a back length and to achieve a small - 
diameter beam spot whether it is in the single -beam 
5 system or multi-beam system. 

Another object of the present invention is to 
achieve an optical scanning device in the single -beam 
system and mult i- beam system which can achieve high 
density scanning, by using the above-mentioned scanning 
10 optical system. 

Another object of the present invention is to 
provide an image forming apparatus using such an optical 
scanning device . 

A scanning optical system according to the 
15 present invention is 'an optical system condensing a 
beam deflected by an optical deflector and forming a 
beam spot on a surface to be scanned' , and has the 
following features : 

the scanning optical system includes two 

20 lenses; 

the lens on the side of the optical deflector 
thereof 'has a negative refracting power in sub- scanning 
direction' , and the lens on the side of the surface to 
be scanned thereof 'has a positive refracting power in 
25 the sub- scanning direction'; and 
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at least one lens surface of the lens surfaces 
of the two lenses 'has a non-arc shape in a sub -scanning 
section' . 

'The sub-scanning section' is an imaginary 
5 plane section perpendicular to main scanning direction 
on and in the proximity of the lens surface. Further, 
'a main scanning section' is an imaginary plane section 
including the optical axis of the lens and parallel to 
the main scanning direction on and in the proximity of 

10 the lens surface. 

In the above- described scanning optical system, 
the 'surface having the non-arc shape in the sub- 
scanning section' may be 'a sub-non-arc surface in that 
the non-arc shape in the sub- scanning section varies 

15 according to the position of the sub- scanning section in 
the main scanning direction' . 

The shape of the sub-non-arc surface may be 
determined so as to correct the wavefront aberration at 
each scanning position (position at which the beam spot 

20 is formed: image height) on the surface to be scanned. 
Thereby, it is possible to set the best wavefront 
aberration for each scanning position on the surface to 
be scanned. 

In any of the above -described scanning optical 
25 systems, the lens on the side of optical deflector may 



•have a positive refracting power in the main scanning 
direction ' . 

It is preferable that the lateral 
magnification /3 2 in the sub-scanning direction at the 
5 central image height of any of the above -de scribed 
scanning optical systems satisfies the following 
condition: 

(1) 0.5 ^ I 02 I ^ 2.0 

10 

'The lateral magnification in the sub-scanning 
direction of the scanning optical system' is defined as, 
through the specification and claims, the lateral 
magnification in the sub-scanning direction of 'the 

15 object point of the scanning optical system conjugate to 
an image point on or in the proximity of the surface to 
be scanned' and the image point on or in the proximity 
of the surface to be scanned. The one at the central 
image height of this lateral magnification in the sub- 

20 scanning direction is the above-mentioned ' /3 2 ' , and the 
one at any image height 'h' is ' j8 h ' which will be 
described later. 

In any of the above -described scanning optical 
systems, the above-mentioned sub-non-arc surface may 

25 have a non-arc shape also in the main scanning section. 
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Any of the above-mentioned scanning optical 
systems may be 'an anamorphic optical system having a 
function such that the position on or in the proximity 
of the deflection reflective surface and the position of 
5 the surface to be scanned have a geometric-optical 

conjugate relationship with regard to the sub -scanning 
direction 1 . 

In this case, "curvatures in the main and sub- 
scanning directions may be different from one another in 

10 each of all the four surfaces of the two lenses ' . The 
above-mentioned curvatures in the main and sub- scanning 
directions are curvatures in the main and sub- scanning 
sections including the optical axis (meaning the 
reference coordinate axis in the direction perpendicular 

15 to the main and sub -scanning directions, when the shape 

of the lens surface is determined by numerical formulas ) , 
but are paraxial curvatures when the shapes of the lens 
surfaces in the above-mentioned sections are non-arc 
shapes . 

20 A spot diameter of a beam spot formed on the 

surface to be scanned may be defined by 1 / e 2 intensity 
in a line spread function of a light -intensity 
distribution of the beam spot. The central coordinate 
of the beam spot formed on the surface to be scanned is 

25 determined as a reference coordinate, and the light- 
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intensity distribution of the beam spot is expressed by 
f(Y,Z) where the coordinates in the main and sub- 
scanning directions are determined as Y and Z . 

Then, the line spread function LSZ in Z 
5 direction is defined by 



(4) LSZ(Z) = Sf(Y,Z)dY 



where the integration is performed through the entire 
10 width of the beam spot in Y direction. 

The line spread function LSY in Y direction is 

defined by 



(5) LSY(Y) = Sf(Y,Z)dZ 

15 

where the integration is performed through the entire 
width of the beam spot in Z direction. 

The thus-defined line spread functions are of 
a Gaussian distribution type in general, and, therefore, 
20 the spot diameter in the sub-scanning direction is 

defined as the width in Z direction within which 'LSZ(Z) 

1 / e 2 ' when the maximum thereof is normalized to 1. 
The same manner is applied also for the main scanning 
direction. 

25 Any of the above -described optical systems may have 
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an imaging function set such that the spot diameter 
defined as described above in each of the main and sub- 
scanning directions is equal to or smaller than 50 Urn 
in an effective writing width. 
5 The spot diameter defined as described above 

by the line spread functions can be easily measured as a 
result of 'the beam spot being scanned by a slit at a 
uniform velocity, the light passing through the slit 
being received by a photodetector , and the amount of 

10 thus -received light being integrated 1 . A device 

performing such measurement has been put on the market. 

In the related art, it is not easy to form a 
satisfactory beam spot having a spot diameter equal to 
or smaller than 50 Urn. However, by employing at least 

15 one sub-non-arc surface in a scanning optical system, 

and making the shape of this surface be 'a shape such as 
to satisfactorily correcting wavefront aberration' as in 
the present invention, it is possible to positively form 
a satisfactory beam spot having a spot diameter equal to 

20 or smaller than 50 Um. 

In any of the above -described scanning optical 
systems, "a non-arc amount 1 of the non-arc shape in the 
sub-scanning section of the sub-non-arc surface may vary 
asymmetrically in the main scanning direction. 

25 'The non-arc amount' is an amount of 



-12- 



difference from an arc (paraxial curvature) . 

Any of the above -de scribed scanning optical 
systems is preferably such that a curvature in the sub- 
scanning direction of each of at least two lens surfaces 
5 varies in the main scanning direction, and, the 
variation in the main scanning direction of the 
curvature in the sub- scanning direction of at least one 
surface of these at least two surfaces is asymmetrical 
(having no symmetrical axis for the main scanning 
10 direction), and the above-described lateral 

magnification j3 2 in the sub-scanning direction at the 
central image height and lateral magnification j8 h in the 
sub -scanning direction at any image height satisfy the 
following condition: 

15 

(2) 0.9 ^ I £ h /(3 2 | ^ l.l 



'The curvature in the sub-scanning direction 1 
is a curvature of the lens surface in a sub- scanning 

20 section taken when the lens surface is cut by the sub- 
scanning section, and, 'the curvature in the sub- 
scanning direction varying in the main scanning 
direction" means that, when the position of the sub- 
scanning section is moved in the main scanning direction, 

25 the curvature in the sub-scanning direction varies 
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according to the position of the sub- scanning section. 

Any of the above -described scanning optical 
systems preferably satisfies the following condition: 

5 (3) Fs / W < 0.005 

where W denotes an effective writing width, and Fs 
denotes the width of sub -scanning curvature of field 
(being 'the curvature of field in the sub- scanning 

10 direction', through the specification and claims) in the 
effective writing width. 

Any of the above -described scanning optical 
systems preferably has at least two lens surfaces in 
each of which variation of curvature in the sub- scanning 

15 direction is asymmetrical in the main scanning direction, 
and each of at least two lens surfaces of these at least 
two lens surfaces 'has an air separation between the 
surfaces ' . 

Any of the above -described scanning optical 
20 systems may be used in an optical scanning device in a 

single-beam system, but may also be used for 'condensing 
a plurality of beams deflected simultaneously so as to 
form a plurality of beam spots on a surface to be 
scanned' . 

25 An optical scanning device according to the 
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present invention is an optical scanning device in the 
single-beam system which 'couples a beam from a light 
source by a coupling lens to a subsequent optical system, 
forms from the coupled beam a line image long in the 
5 main scanning direction on or in the proximity of a 

deflection reflective surface of an optical deflector by 
a line-image forming optical system, deflects the beam 
at a uniform angular velocity by the optical deflector, 
condenses the deflected beam by a scanning optical 

10 system so as to form a beam spot on a surface to be 

scanned, and, thus, scans the surface to be scanned by 
the beam spot, wherein any of the above-described 
scanning optical systems is used as the scanning optical 
system of this optical scanning device' . 

15 An optical scanning device according to 

another aspect of the present invention is an optical 
scanning device in the multi-beam system which 'couples 
beams from a plurality of light-emitting sources by a 
coupling lens to a subsequent optical system, forms from 

20 the coupled beams line images each long in the main 
scanning direction and separate in the sub- scanning 
direction on or in the proximity of a deflection 
reflective surface of an optical deflector by a line- 
image forming optical system, simultaneously deflects 

25 the beams at a uniform angular velocity by the optical 
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def lector, condenses each deflected beam by a common 
scanning optical system so as to form beam spots 
separate in the sub-scanning direction on a surface to 
be scanned, and, thus, simultaneously scans the surface 
5 to be scanned by the plurality of beam spots so as to 
draw a plurality of scan lines thereon simultaneously, 
wherein any of the above-described scanning optical 
systems is used as the common scanning optical system of 
this optical scanning device'. Either coupling lenses 

10 may be provided individually for the plurality of beams 
or a coupling lens may be used in common for the 
plurality of beams . 

In this optical scanning device in the multi- 
beam system, 'a monolithic semiconductor laser array 

15 having a plurality of light -emitting sources arranged so 
as to form a line' may be used as the light source. 

In this case, it is preferable that each of 
the intervals of the light -emitting sources of the 
semiconductor laser array is equal to or larger than '10 

20 Um 1 . 

An image forming apparatus according to the 
present invention preferably 'forms a latent image by 
performing scanning of a photosensitive surface of a 
photosensitive medium by an optical scanning device, 
25 visualizes the latent image, and thus obtains an image'. 
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where any of the above -described optical scanning 
devices is used as the optical scanning device 
performing scanning of the photosensitive surface of the 
photosensitive medium. 
5 In this case, a photoconductive photosensitive 

body may be used as the photosensitive medium, a toner 
image may be obtained from an electrostatic latent image 
formed by uniform changing of the photosensitive surface 
and scanning by the optical scanning device, and thus, 

10 the latent image is visualized. The toner image is 

fixed onto a sheet-like recording medium (transfer paper 
or a plastic sheet for an overhead projector) . 

Such an image forming apparatus according to 
the present invention may also be embodied as a laser 

15 printer, a laser plotter, a digital copier, a facsimile 
machine, or the like. 

Alternatively, a film for photography with 
silver halide may be used as the photosensitive medium, 
for example. In this case, the latent image formed 

20 through the optical scanning by the optical scanning 
device is visualized by a method of developing in an 
ordinary process of photography with silver halide. 
Such an image forming apparatus may be embodied as 'an 
optical plate-making system' , for example. 

25 ' A practically usable range' of the lateral 
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magnif ication j3 2 in the sub-scanning direction of the 
scanning optical system disposed subsequent to the 
optical deflector is as follows : 

5 I 32 I ^ 0.5 

When I j3 2 I is smaller than 0.5, the lens on 
the side of the surface to be scanned approaches the 
surface to be scanned to much in general, and the length 

10 of the lens in the main scanning direction is long. 
Thereby, working of the lens is difficult, and the 
manufacturing cost of the lens is high. Further, it is 
difficult to secure 'the long back length'. 

Further, when the optical system has a too 

15 large magnification (1/321 > 2), change in position of 
image surface due to environmental change or error in 
mounting the scanning optical system is likely to be 
large, and to achieve a small diameter of beam spot is 
'difficult even when a sub-non-arc surface is employed'. 

20 As described above, the value jS 2 at least at 

the central image height of the lateral magnification /3 
2 in the sub- scanning direction of the scanning optical 
system is preferably such that: 



25 



(1) 0.5 ^ | ]8 2 I ^ 2.0 
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In the above -de scribed multi-beam scanning 
optical system, in the sub-scanning direction, 'the 
negative and positive refracting powers are distributed' 
in the order from the optical deflector. Thereby, the 
5 optical system is of a so-called ' retrof ocus type'. 

Thereby, it is possible to dispose 'the rear 
principal point in the sub-scanning direction" on the 
side of the surface to be scanned from the actual 
disposition of the lenses. Accordingly, it is possible 
10 to 'elongate the back length'. 

Further, as a result of the above-mentioned 
condition (1) being satisfied, it is possible to 
effectively prevent 'the length in the main scanning 
direction' of the lens on the side of the surface to be 
15 scanned from increasing and also 'the change in position 
of image surface due to environmental change or error in 
mounting of the scanning optical system' from increasing. 

Further, because the scanning optical system 
is of 'the retrof ocus type in the sub- scanning 
20 direction' as described above, it is possible to reduce 
' the F -number' . 

Further, in the scanning optical system, 
because at least one lens surface has 'a non-arc shape 
in a sub- scanning section' as mentioned above, it is 
25 possible to effectively causing the function of 
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correcting wavefront aberration of this surface to be 
well performed. Thereby, it is possible to well reduce 
the diameter of beam spot, and to achieve high-density 
scanning . 

5 This non-arc shape may be such that an amount 

of difference from an arc shape is uniform in the main 
scanning direction, but the above-mentioned surface may 
be preferably 'a sub-non-arc surface such that 'the non- 
arc shape of the surface varies according to the 

10 position of the sub-scanning section in the main 

scanning direction' as mentioned above so that the 
diameter of beam spot is well reduced through the 
effective writing width. 

Further, as a result of a positive refracting 

15 power in the main scanning direction being given to the 
lens on the optical deflector of the scanning optical 
system, 'uniform-velocity characteristics' such as f 6 
characteristic are secured. 

In order to well correct wavefront aberration 

20 through the entire pupil plane (the section of light 

flux on the sub-non-arc surface of the deflected light 
flux incident on the sub-non-arc surface at any 
position), and to obtain a more stable beam spot, it is 
preferable that 'the sub-non-arc surface has a non-arc 

25 shape also in the main scanning section' as described 
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above . 

Further, as a result of the scanning optical 
system being anamorphic as described above, it is 
possible to correct surface inclination in the optical 
5 deflector. In this case, it is possible to prevent a 

scan line from bending much as a result of curvatures in 
the main and sub -scanning directions being caused to 
differ in each of all the four lens surfaces of the two 
lenses as described above. 

10 In order to perform satisfactory scanning, it 

is important that the diameter {in particular, the 
diameter in the sub-scanning direction because, although 
correction of the diameter in the main scanning 
direction can be made through electric correction of a 

15 resulting signal, such correction of the diameter in the 
sub- scanning direction cannot be made) of beam spot on 
the surface to be scanned does not change much according 
to the image height. This matter is important in 
particular for scanning in high density. 

20 In order that 'the diameter in the sub- 

scanning direction of the beam spot on the surface to be 
scanned does not change much according to the image 
height ' , it is necessary that the lateral magnification 
in the sub -scanning direction of the scanning optical 

25 system does not change much according to the image 
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height . 

Further, change of lateral magnification j3 2 
in the sub- scanning direction according to the image 
height problematically results in ' change of the pitch 
5 of the scan lines made by simultaneous scanning 

(referred to as scan-line pitch, hereinafter) according 
to image height' in the multi-beam system. 

Accordingly, in the scanning optical system in 
the multi-beam system, in order to prevent 'change of 
10 scan-line pitch according to image height (simply 

referred to as 'pitch change", hereinafter)', it is 
necessary to 'make a correction such that the lateral 
magnification in the sub-scanning direction of the 
scanning optical system becomes uniform whatever the 
15 image height is'. 

This can be achieved as a result of curvature 
in the sub -scanning direction being caused to change in 
the main scanning direction in each of at least two lens 
surfaces of the two lenses of the scanning optical 
20 system, and the bending in the sub- scanning direction 
thereof 'adjusting the position of principal point in 
the sub-scanning direction according to image height'. 

Further, when a polygon mirror is used as the 
optical deflector, the rotation center of the polygon 
25 mirror is set to be different from the optical axis of 
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the scanning optical system. Accordingly, the 
reflecting point on the deflection reflective surface 
changes according to the beam deflection, and the 
starting point of deflection of the deflected light flux 
5 changes. Thus, 'optical sag 1 occurs. 

Thereby, the path the light flux passes 
through on the side of + image height of the optical 
axis of the scanning optical system is different from 
that on the side of - image height of the optical axis 

10 of the scanning optical system. Accordingly, the 

lateral magnification in the sub- scanning direction 
'changes asymmetrically in the main scanning direction'. 

This asymmetrical change in lateral 
magnification can be corrected as a result of at least 

15 one surface of the above-mentioned two lens surfaces 
being made to be 'a surface in which change in sub- 
scanning curvature is asymmetrical 1 . 'The sub-scanning 
curvature' is the above-mentioned 'curvature in a sub- 
scanning section'. 

20 'The surface in which change in sub-scanning 

curvature is asymmetrical' is, for example, a surface in 
which : 

(a) change in sub -scanning curvature is such 
that the curvature monotonously increases bilaterally- 
25 asymmetrically as being apart from the optical axis in 
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the main scanning direction; 

(b) change in sub -scanning curvature is such 
that the curvature monotonously decreases bilaterally- 
asymmetrically as being apart from the optical axis in 

5 the main scanning direction; 

(c) change in sub- scanning curvature is such 
that the extremum of curvature exists out of the optical 
axis ; 

(d) change in sub- scanning curvature is such 
10 that the curvature monotonously increases from the side 

of + image height to the side of - image height ; 

(e) change in sub- scanning curvature is such 
that the curvature monotonously decreases from the side 
of + image height to the side of - image height; 

15 (f) change in sub -scanning curvature is such 

that there are a plurality of extrema of curvature; 

or the like. However, 'the surface in which 
change in sub-scanning curvature is asymmetrical' may be 
any surface 'having no general axis of rotational 

20 symmetry as the optical axis ' . 

Which of these surfaces is to be employed as 
'the surface in which change in sub-scanning curvature 
is asymmetrical' is determined according to design 
conditions . 

25 Whether in the single-beam system or multi- 
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beam system, it is preferable that 'the change of 
lateral magnification in the sub-scanning direction* in 
the effective scanning range is equal to or smaller than 
10 %. More preferably, it is equal to or smaller than 
5 7 %. 'Change of lateral magnification in the sub- 
scanning direction' equal to or smaller than 10 % is 
achieved as a result of the above-mentioned condition 
(2) being satisfied. 

In the case of the multi-beam optical scanning, 

10 when change of lateral magnification in the sub- scanning 
direction is equal to or smaller than 7 % , pitch change 
is 10.37 dm for the simultaneous scan-line pitch of 
148.19 l±m even when ' seventh -order interlaced scanning 
in 1200 dpi' is performed, and it is possible that the 

15 pitch change is approximately half the adjacent pitch of 
21.17 Urn in 1200 dpi. 

The condition in which the pitch change is 
'approximately half the adjacent pitch' in interlaced 
scanning is the allowable limit for change in scan- line 

20 pitch. In the case of fifth-order interlaced scanning 
or third-order interlaced scanning, it is possible that 
the pitch change is smaller. 

Further, due to influence of 'optical sag', 
the amount of wavefront aberration occurring differs 

25 asymmetrically according to image height of beam spot. 
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However, the wavefront aberration asymmetrical in the 
main scanning direction due to the above-mentioned sag 
can be corrected, and the optimum wavefront aberration 
can be set for each image height, as a result of change 
5 in the main scanning direction of the non-arc amount of 
the sub-non-arc surface of the scanning optical system 
being made to be asymmetrical as described above. 

It is also important that the position of beam 
waist in the sub- scanning direction of the beam spot on 

10 the surface to be scanned does not change much according 
to image height for performing satisfactory scanning. 
In order that 'the position of beam waist in the sub- 
scanning direction of the beam spot on the surface to be 
scanned does not change much according to image height * , 

15 it is necessary that the amount of curvature of field in 
the sub -scanning direction of the scanning optical 
system does not change much according to image height. 

As a result of the above-mentioned condition 
(3) being satisfied, the amount of curvature of field in 

20 the sub -scanning direction at each image height is 
prevented from increasing. 

The amount of curvature of field in the sub- 
scanning direction should not necessarily satisfy the 
condition (3). In the scanning optical system, other 

2 5 optical characteristics such as uniform-velocity 
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characteristics for making uniform the speed of the 
movement of beam spot on the surface to be scanned are 
required to be satisfactory. Accordingly, correction of 
curvature of field should be made in consideration of 
5 balance with correction of other optical characteristics. 
There is a case where, when only the curvature of field 
is attempted to be improved, this is unreasonable in 
consideration of balance with other optical 
characteristics . 

10 Further, when tolerance in assembly of the 

optical scanning device with respect to the 
photosensitive medium as the surface to be scanned is 
considered, satisfactory reduction of curvature of field 
on design may not be achieved, if the position of the 

15 surface to be scanned shifts from the position on design 
due to the above-mentioned tolerance even when the 
curvature of field in the scanning optical system is 
well corrected on design. 

Such problems can be solved as a result of 

20 'the sub-non-arc surface' being made to have 'a function 
of correcting a positional difference of beam waist with 
respect to the surface to be scanned occurring due to 
curvature of field in the sub -scanning direction' . 

That is, by employing 'the sub-non-arc 

25 surface' , a correction can be made such that the beam 



-27- 



waists of 'all the light fluxes (beams)' approach the 
surface to be scanned even when paraxial imaging points 
(positions of imaging of paraxial light fluxes) in the 
sub- scanning direction differ with respect to the 
5 surface to be scanned for respective image heights due 
to curvature of field in the sub-scanning direction. By 
this correction, it is possible to effectively correct 
change in diameter of beam spot in the sub -scanning 
direction . 

10 In order that the above-mentioned condition 

(3) is satisfied, it is necessary to consider 'optical 
sag' for curvature of field in the sub- scanning 
direction. 'Influence of optical sag on sub- scanning 
curvature of field ' does not necessarily coincide with 

15 'influence of the optical sag on change of lateral 
magnification in the sub- scanning direction of the 
scanning optical system' . 

Accordingly, it is preferable that 'a surface 
in which change in sub- scanning curvature thereof is 

20 asymmetrical' is employed by each of at least two lens 
surfaces for correcting asymmetricity of sub- scanning 
curvature of field and for correcting asymmetricity of 
change in lateral magnification. 

When each of at least two lens surfaces is 

25 such that 'a curvature thereof in the sub -scanning 
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direction changes asymmetrically in the main scanning 
direction, and the position of principal point in the 
sub-scanning direction of the scanning optical system is 
adjusted as a result of the bending in the sub -scanning 
5 direction being made', it is possible to enlarge the 

amount of change of position of the principal point, and, 
it is possible to enlarge the range in which the lateral 
magnification in the sub- scanning direction can be 
adjusted by the bending and the sub- scanning curvature 

10 of field can be adjusted, as a result of the surface 

separation between the two lens surfaces being larger. 

Therefore, the at least two surfaces have an 
air separation therebetween as described above, so that 
the surface separation between these two lens surfaces 

15 is larger in the scanning optical system. 

Further, as a result of the configuration from 
the line -image forming optical system to the scanning 
optical system being used in common for a plurality of 
coupled beams in 'the above-described optical scanning 

20 device in the multi-beam system' , it is possible to 

configure the configuration including and subsequent to 
the line- image forming optical system to be the same as 
that for the optical scaling device in the single-beam 
system. Accordingly, it is possible to achieve an 

25 optical scanning device in the multi-beam system very 
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stable against structural changes. 

In the case of opitcal scanning device in the 
multi-beam system, a light source either of LD-array 
system or of beam- combining system can be used. 
5 When a light source in the LD-array system is used, it 
is necessary that the intervals between light -emitting 
sources are large to some existent so as to remove 
influence of thermal/electrical mutual actions in the 
light-emitting sources. By making each the intervals 

10 between the light -emitting sources of semiconductor 
laser array to be equal to or larger than 10 dm. as 
mentioned above, it is possible to effectively reduce 
the influence of thermal/electrical mutual actions in 
the light -emitting sources and to perform satisfactory 

15 multi-beam scanning. 

Other objects and further features of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings . 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an optical disposition of an 
scanning optical system in an example 1 according to the 
present invention; 
25 FIGS. 2A and 2B show states of change in main 



-30- 



s canning direction of curvature in a sub- scanning 
section of surfaces S2 and. S3 of the scanning optical 
system in the example 1 ; 

FIG. 3 shows change of a lateral magnification 
5 j3 h in sub- scanning direction at any image height with 
respect to a lateral magnification j3 2 in the sub- 
scanning direction at the central image height of the 
scanning optical system of the example 1; 

FIG. 4 shows curvature of field and uniform- 
10 velocity characteristics on the scanning optical system 
of the example 1 ; 

FIGS. 5A and 5B show depth curves of spot 
diameter for respective image heights of beam spot on 
the scanning optical system of the example 1; 
15 FIG. 6 shows an optical disposition of an 

scanning optical system of an example 2 according to the 
present invention; 

FIGS. 7 A and 7B show states of change in main 
scanning direction of curvature in a sub- scanning 
20 section of surfaces S2 and S3 of the scanning optical 
system of the example 2; 

FIG. 8 shows change of a lateral magnification 
/3 h in sub-scanning direction at any image height with 
respect to a lateral magnification /3 2 in the sub- 
25 scanning direction at the central image height of the 
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scanning optical system of the example 2 ; 

FIG. 9 shows curvature of field and uniform- 
velocity characteristics on the scanning optical system 
of the example 2 ; 
5 FIGS. 10A and 10B show depth curves of spot 

diameter for respective image heights of beam spot on 
the scanning optical system of the example 2 ; 

FIG. 11 shows an optical disposition of an 
scanning optical system of an example 3 according to the 

10 present invention; 

FIGS. 12A and 12B show states of change in 
main scanning direction of curvature in a sub- scanning 
section of surfaces S2 and S3 of the scanning optical 
system of the example 3; 

15 FIG. 13 shows change of a lateral 

magnification /3 h in sub-scanning direction at any image 
height with respect to a lateral magnification ]S 2 in the 
sub- scanning direction at the central image height of 
the scanning optical system of the example 3; 

20 FIG. 14 shows curvature of field and uniform- 

velocity characteristics on the scanning optical system 
in the example 3; 

FIGS. 15A and 15B show depth curves of spot 
diameter for respective image heights for beam spot on 

25 the scanning optical system of the example 3; 
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FIG. 16 shows an optical disposition of an 
scanning optical system of an example 4 according to the 
present invention; 

FIGS. 17A and 17B show states of change in 
5 main scanning direction of curvature in a sub -scanning 
section of surfaces S2 and S3 of the scanning optical 
system of the example 4; 

FIG. 18 shows change of a lateral 
magnification j3 h in sub- scanning direction at any image 
10 height with respect to a lateral magnification (3 2 in the 
sub -scanning direction at the central image height of 
the scanning optical system of the example 4 ; 

FIG. 19 shows curvature of field and uniform- 
velocity characteristics on the scanning optical system 
15 of the example 4; 

FIGS. 20A and 20B show depth curves of spot 
diameter for respective image heights of beam spot on 
the scanning optical system of the example 4; 

FIG. 21 shows an optical disposition of an 
20 scanning optical system of an example 5 according to the 
present invention; 

FIGS. 22A and 22B show states of change in 
main scanning direction of curvature in a sub- scanning 
section of surfaces S2 and S3 of the scanning optical 
25 system of the example 5; 
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FIG. 23 shows change of a lateral 
magnification /3 h in sub- scanning direction at any image 
height with respect to a lateral magnification /3 2 in the 
sub- scanning direction at the central image height of 
5 the scanning optical system of the example 5; 

FIG. 24 shows curvature of field and uniform- 
velocity characteristics on the scanning optical system 
of the example 5; 

FIGS. 25A and 25B show depth curves of spot 
10 diameter for respective image heights of beam spot on 
the scanning optical system of the example 5; 

FIG. 26 shows an optical disposition of an 
scanning optical system of an example 6 according to the 
present invention; 
15 FIGS. 21 A and 27B show states of change in 

main scanning direction of curvature in a sub -scanning 
section of surfaces SI and S4 of the scanning optical 
system of the example 6; 

FIG. 28 shows change of a lateral 
20 magnification i3 h in sub- scanning direction at any image 
height with respect to a lateral magnification jS 2 in the 
sub -scanning direction at the central image height of 
the scanning optical system of the example 6; 

FIG. 29 shows curvature of field and uniform- 
25 velocity characteristics on the scanning optical system 
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of the example 6; 

FIGS. 30A and 30B show depth curves of spot 
diameter for respective image heights for beam spot on 
the scanning optical system of the example 6 ; 
5 FIG. 31 shows an optical scanning device in a 

single-beam system in a first embodiment of the present 
invention; 

FIG. 32 shows an optical scanning device in a 
multi-beam system in a second embodiment of the present 
10 invention; 

FIG. 33 shows an optical scanning device in a 
multi-beam system in a third embodiment of the present 
invention; and 

FIG. 34 shows an image forming apparatus in an 
15 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
FIG. 31 shows only essential part of an 
optical scanning device in a first embodiment of the 
20 present invention. 

The optical scanning device shown in FIG. 31 
is of a single-beam system. 

A beam emitted from a light source 1 which is 
a semiconductor laser is a divergent light flux, and is 
2 5 coupled to a subsequent optical system by a coupling 
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lens 2. The form of the beam obtained from the coupling 
lens 2 may be any of a weak divergent light flux, a weak 
convergent light flux and a parallel light flux 
according to the optical characteristics of the 
5 subsequent optical system. 

The beam having passed through the coupling 
lens 2 is 'beam-shaped' as a result of periphery thereof 
being cut by an aperture 3 when passing through an 
opening of the aperture 3, and, then, is incident on a 

10 cylindrical lens 4 which is "a line-image forming 
optical system 1 . 

The cylindrical lens 4 is disposed in such a 
manner that the direction of the cylindrical lens 4 in 
which the lens has no power coincides with main scanning 

15 direction, and the lens 4 has a positive power in sub- 
scanning direction. 

The cylindrical lens 4 condenses the incident 
beam in the sub- scanning direction to a position on or 
in the proximity of a deflection reflective surface of a 

20 polygon mirror 5 which is 'an optical deflector'. 

The beam reflected by the deflection 
reflective surface is deflected at a uniform angular 
velocity with a uniform-velocity rotation of the polygon 
mirror 5, and, passes through two lenses 6 and 7 

25 constituting 'a scanning optical system', has the light 
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path thereof bent by a bending mirror 8, is condensed so 
as to form a beam spot on a photoconductive 
photosensitive body 9 which is 'a surface to be scanned' , 
and scans the surface to be scanned. 
5 The beam is incident on a mirror 10 in prior 

to the scanning, is condensed by a lens 11, and is 
incident on a light-receiving device 12. Based on an 
output of the light-receiving device 12, writing 
beginning timing is determined. 

10 FIG. 32 shows only essential part of an 

optical scanning device in a second embodiment of the 
present invention. 

The optical scanning device shown in FIG. 32 
is of a multi-beam system. 

15 In order to avoid complexity, the same 

reference numerals as those in FIG. 31 are given to 
those such that it is believed that they have no anxiety 
of confusion. 

A semiconductor-laser array 1A has four light - 

20 emitting sources chl through ch4 arranged to form a line 
with equal intervals. 

In the second embodiment, the four light - 
emitting sources of the semiconductor- laser array 1A are 
arranged in the sub- scanning direction. However, it is 

25 also possible that the four light -emitting sources of 
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the semiconductor-laser array 1A are arranged in the 

main scanning direction as a result of it being inclined. 

Four beams emitted from the four light - 
emitting sources chl through ch4 are divergent light 
5 fluxes each having 'an ellipse far-field pattern', the 
major axis of which extends in the main scanning 
direction, respectively. 

Those four beams are coupled to a subsequent 
optical system by a coupling lens 2 used for the four 

10 beams in common. The form of each beam obtained from 

the coupling lens 2 may be any of a weak divergent light 
flux, a weak convergent light flux and a parallel light 
flux according to the optical characteristics of the 
subsequent optical system. 

15 The four beam having passed through the 

coupling lens 2 are 'beam-shaped' as a result of 
periphery thereof being cut by an aperture 3 when 
passing through an opening of the aperture 3, and, then, 
are incident on a cylindrical lens 4 which is ' a common 

20 line -image forming optical system' . 

The cylindrical lens 4 condenses each the 
incident four beams in the sub- scanning direction so 
that line images each long in the main scanning 
direction and separate in the sub- scanning direction 

25 from each other are formed as a result of thus being 
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condensed on or in the proximity of a deflection 
reflective surface of a polygon mirror 5 which is 'an 
optical deflector' . 

The four beams reflected by the deflection 
5 reflective surface are deflected at a uniform angular 

velocity with a uniform- velocity rotation of the polygon 
mirror 5, and, pass through two lenses 6 and 7 
constituting 'a scanning optical system', have the light 
paths thereof bent by a bending mirror 8 , are condensed 

10 so as to form four beam spots separate in the sub- 
scanning direction from each other on a photoconductive 
photosensitive body 9 which is 'a surface to be scanned', 
and scan the surface to be scanned so as to draw four 
scan lines thereon simultaneously. 

15 One of the beams is incident on a mirror 10 in 

prior to the scanning, is condensed by a lens 11, and is 
incident on a light -receiving device 12. Based on an 
output of the light -receiving device 12, writing 
beginning timing of the four beams is determined. 

20 'The scanning optical system' is an optical 

system which condenses four beams simultaneously 
deflected by the optical deflector 5 so as to form four 
beam spots on the surface 9 to be scanned, and consists 
of the two lenses 6 and 7 . 

25 FIG. 33 shows only essential part of an 
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optical scanning device in a third embodiment of the 

present invention. 

The optical scanning device shown in FIG. 33 

is also of a multi-beam system. 
5 This optical scanning device employs light 

sources in a beam- combining system. 

The light sources 1-1 and 1-2 are 

semiconductor lasers, and have single light-emitting 

sources, respectively. 
10 Respective beams emitted from the light 

sources 1-1 and 1-2 are coupled to a subsequent optical 

system by coupling lenses 2-1 and 2-2, respectively. 

The form of each of the beams obtained from the coupling 

lenses 2-1 and 2-2 may be any of a weak divergent light 
15 flux, a weak convergent light flux and a parallel light 

flux according to the optical characteristics of the 

subsequent optical system. 

The respective beams having passed through the 

coupling lenses 2-1 and 2-2 are 'beam-shaped' as a 
20 result of peripheries thereof being cut off by apertures 

3-1 and 3-2 when passing through openings of the 

apertures 3-1 and 3-2, respectively, and, then, are 

incident on a beam- combining prism 20. 

The beam- combining prism 20 has a reflective 
25 surface, a polarization separating film and a 1/2- 
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wavelength plate. 

The beam from the light source 1-2 is 
reflected by the reflective surface and polarization 
separating film of the beam- combining prism 20, and 
5 exits from the beam- combining prism 20. On the other 
hand, the beam from the light source 1-1 has the 
polarization plane thereof rotated 90° by the 1/2- 
wavelength plate of the beam-combining prism 20, is 
transmitted by the polarization separating film, and 

10 exits from the beam- combining prism 20. Thus, the two 
beams are combined. 

As a result of the position relationship of 
the light -emitting parts of the light sources 1-1 and 1- 
2 with respect to the optical axes of the coupling 

15 lenses 2-1 and 2-2 being adjusted, the thus -combined two 
beams have a slight angle formed therebetween in the 
sub-scanning direction. 

The thus -combined two beams are incident on a 
cylindrical lens 4 which is 'a common line -image forming 

20 optical system 1 . 

The cylindrical lens 4 condenses each the 
incident two beams in the sub-scanning direction so that 
two line images each long in the main scanning direction 
and separate in the sub-scanning direction from each 

25 other are formed as a result of thus being condensed on 
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or in the proximity of a deflection reflective surface 
of a polygon mirror 5 which is 'an optical deflector' . 

The two beams reflected by the deflection 
reflective surface are deflected at a uniform angular 
5 velocity with a uniform-velocity rotation of the polygon 
mirror 5, and, pass through two lenses 6 and 7 
constituting 'a scanning optical system', have the light 
paths thereof bent by a bending mirror 8 , converge so as 
to form two beam spots separate in the sub- scanning 
10 direction from each other on a photoconductive 

photosensitive body 9 which is 'a surface to be scanned', 
and scan the surface to be scanned so as to draw two 
scan lines thereon simultaneously. 

One of these beams is reflected by the mirror 
15 8 in prior to the optical scanning, and is incident on a 
light -receiving device 12. Based on an output of the 
light -receiving device 12, writing beginning timing of 
the optical scanning by the two beams is determined. 

Instead thereof, it is also possible to 
20 separate the two beams also in the main scanning 

direction, condense each beam to light -receiving device 
12 in prior to the optical scanning, and, based on 
outputs of the light -receiving device 12, determine 
writing beginning timings of the optical scanning by the 
25 two beams, individually. 
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'The scanning optical system' is an optical 
system which condenses two beams simultaneously 
deflected by the optical deflector 5 so as to form two 
beam spots on the surface 9 to be scanned, and consists 
of the two lenses 6 and 7 . 

Six concrete examples of these embodiments 
will now be described. 

A shape of a lens surface will be expressed by 
the following expressions in each example . 

A non-arc shape in the main scanning section 
is expressed by the following polynominal (6) using a 
radius Rm of paraxial curvature, a distance Y in the 
main scanning direction from the optical axis, a conical 
constant K, high- order coefficients Ai, A 2 , A 3 , A 4 , A 5 , 
A 6 , a depth X in the direction of optical axis: 

X= (Y 2 /RJ / (1- (1+K) (Y/RJ-4 ] 

+ A 1 Y + A 2 Y 2 + A 3 Y 3 +A 4 Y 4 +A 5 Y 5 + A 6 Y 6 - • (6) 

In the polynominal ( 6 ) , when any of the odd- 
order coefficients Ai, A 3 , A 5 , ... has a value other than 
0, the non-arc shape is 'asymmetrical in the main 
scanning direction' . 

A curvature in a sub-scanning section is 
expressed by the following expression (7) when the 
curvature in a sub- scanning section varies in the main 
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scanning direction (expressed "by coordinate Y assuming 
the position of optical axis as the origin) : 

C S (Y) = {1/Rs(0)} 

+ BxY + B 2 Y 2 +B 3 Y 3 +B 4 Y 4 +B 5 Y 5 +B 6 Y 6 + • ♦ (7) 

5 

where Rs(0) denotes a radius of curvature 'in the sub- 
scanning section on the optical axis (Y=0)'. In the 
expression (7), when any of the odd-order coefficients 
Bi, B 3 , B 5 , ... has a value other than 0, the curvature 

10 in a sub-scanning section varies asymmetrically in the 
main scanning direction. 

A sub-non-arc surface is expressed by the 
following expression (8) using a position (coordinate 
assuming the position of optical axis as the origin) Y 

15 in the main scanning direction of a sub- scanning section, 
a coordinate Z in the sub- scanning direction: 



20 



25 
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X= (Y 2 /RJ / [1+V U- (1 +KHY/RJ 2 } ] 
+ A 1 Y + A 2 Y 2 + A 3 Y 3 + A 4 Y 4 +A 5 Y 5 + AeY 6 • • 
+ (C s - Z 2 ) / {1- (l+K s )(Cs- Z) 2 } ] 

+ (Fo+FxY+F 2 Y 2 +F 3 Y 3 -f F 4 Y 4 + • • ) Z 
5 + (Go+G!Y + G 2 Y 2 +G 3 Y 3 + G 4 Y 4 + • •) Z 2 

+ (H 0 +HxY + H 2 Y 2 + H 3 Y 3 + H 4 Y 4 + • •) Z 3 
+ (I 0 + I iY+ I 2 Y 2 + I 3 Y 3 + I 4 Y 4 + • •) Z 4 
+ (Jo+ JiY+ J 2 Y 2 + J 3 Y 3 + J 4 Y 4 + - •) Z 5 
+ (Ko+K 1 Y + K 2 Y 2 + K 3 Y 3 + K 4 Y 4 + • •) Z 6 
10 + (Lo+LiY + L 2 Y 2 +L 3 Y 3 +L 4 Y 4 + - •) Z 7 
4- (M 0 + M 1 Y+M 2 Y 2 + M 3 Y 3 + M 4 Y 4 + • •) Z s 
+ (N 0 +NxY + N 2 Y 2 +N 3 Y 3 + N 4 Y 4 + • •) Z 9 
+ • • (8) 

15 

where * Cs ' in the expression (8) is Cs(Y) defined by the 
expression (7). *Ks' is defined by the following 
expression ( 9 ) : 

K s (Y)=Ks(0) + CxY+C 2 Y 2 +C 3 Y 3 +C 4 Y 4 +CsY 5 + • • (9) 

20 

When any of Fi , F 3 , F 5 , . . . , Gi , G 3 , G 5 , 
and so forth has a value other than 0, the non-arc 
amount in a sub- scanning section varies asymmetrical in 
the main scanning direction. 
25 The sub-non-arc surface is 'a surface in which 
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a shape thereof in a sub -scanning section is a non-arc 
shape, and the non-arc shape varies according to the 
position of the sub- scanning section in the main 
scanning direction" . 

In the above expression (8), the first and 
second lines of the right side are a function of only 
the coordinate Y in the main scanning direction and 
express 'the shape in the main scanning section'. 

With regard to the lines including and 
subsequent to the third line of the right side in the 
expression (8), the coefficient of the term of Z in each 
degree (order number) is determined when the Y 
coordinate of a sub- scanning section is determined, and, 
then, 'the non-arc shape in the sub-scanning section' at 
the coordinate Y is determined. 

Analytic expressions of the sub-non-arc shape 
and so forth are not limited to those mentioned above, 
and may be various ones, and the shapes of the sub-non- 
arc surface and so forth according to the present 
invention are not limited to ones expressed by the 
above-mentioned expressions. 

An example 1 according to the present 
invention will now be described. 

The example 1 is an example of the optical 
scanning device in the first embodiment shown in FIG. 3 



FIG. 1 shows an optical disposition of the 
example 1 from the light source 1 to the surface 9 to be 
scanned. 

Data concerning the configuration shown in FIG. 
1 is as follows: 

the light source 1: a semiconductor laser; 

the number of light -emitting sources of the 
light source 1 : 1 ; 

the wavelength of the light source 1: 655 nm; 

the coupling lens 2: a configuration of two 
groups of three lenses (the second group consisting of 
joined lenses); 

the focal length of the coupling lens 2: 22 

mm; 

the coupling function of the coupling lens 2 : 
collimating function; 

the aperture 3: the shape of opening: a 

rectangle ; 

the opening width in the main scanning 
direction of the aperture 3: 7.6 mm; 

the opening width in the sub -scanning 
direction of the aperture 3: 2.8 mm; 

the cylindrical lens 4: the focal length in 
the sub-scanning direction: 70 mm; and 

the polygon mirror 5: the number of deflection 



reflective surfaces: 5, the radius of inscribed circle: 
25 mm, the incidence angle (angle formed between the 
incidence direction and the optical axis of the scanning 
optical system in a condition in which projection is 
made onto a plane perpendicular to the sub -scanning 
direction) of beam from the side of light source: 60° . 

Data concerning the optical system disposed 
between the polygon mirror and the surface to be scanned 
will now be described. 

In the table below, 'Rm' denotes a radius (in 
millimeters) of curvature in the main scanning direction, 
'Rs" denotes a radius (in millimeters) of curvature in 
the sub-scanning direction, * n' denotes a refractive 
index, 'fm' denotes a focal length (in millimeters) of 
the lens in the main scanning direction, and T fs' 
denotes a focal length (in millimeters) of the lens in 
the sub- scanning direction. Each of 'Rm and Rs' in the 
following data is ' a radius of paraxial curvature ' for a 
shape other than an arc shape. X denotes a surface 
separation (in millimeters). Y denotes a shift amount 
(in millimeters) ('a difference in the main scanning 
direction' of the optical axis of the lens from the 
chief ray of the deflected beam from the polygon mirror 
5 perpendicular to the scan line, where the upward 
direction in FIG. 1 is assumed to be the positive 
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direction) . 



' i" denotes a surface number. 
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The values of the coefficients for the main 
scanning direction and sub- scanning direction of the 
respective lens surfaces are shown in the following 
tables 1 through 4 . 
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The values of the coefficients for the sub- 
scanning direction of the exit surface (S4) of the lens 
7 are shown in the following table 5. In the table 5, 
20 'Co' denotes 'Ks(O)' in the first term of the right side 
of the expression (9). 
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The lateral magnification jd 2 of the scanning 
optical system in the example 1 in the sub -scanning 
direction at the central image height is as follows : 

j6 2 = 1.116 

and it satisfies the above-mentioned condition (1). 

FIG. 4 shows, with regard to the example 1, 
the curvature of field (the left figure; the solid line 
for the sub- scanning direction; the broken line for the 
main scanning direction) and the uniform-velocity 
characteristics (the right figure; the solid line for 
the linearity; the broken line for the id 
characteristic) . 

The width of curvature of field for the entire 
scanning range 323 mm is 0.009 mm/323 mm in the sub- 
scanning direction, and 0.104 mm/ 323 mm in the main 
scanning direction. 

The linearity of the uniform-velocity 
characteristics is 0.207 %/323 mm. 

Accordingly, both the curvature of field and 
uniform-velocity characteristics are very well corrected. 

The sub-scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 
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(3) 0.009 / 323 = 0.000028 < 0.005 

FIG. 3 shows change of the lateral 
magnification ]3 h in the sub- scanning direction at any 
5 image height with respect to the lateral magnification 
B 2 in the sub- scanning direction at the central image 
height on the example 1 . As a result , 

I j8 h / /3 2 I = 1.000 

10 

Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

FIG. 2A shows variation of radius of curvature 
15 in the sub-scanning direction of the exit surface (S2) 
of the lens 6. FIG. 2B shows variation of radius of 
curvature in the sub -scanning direction of the entrance 
surface (S3) of the lens 7. Each of these surfaces is 
'a surface in which a curvature in the sub- scanning 
20 direction varies asymmetrically in the main scanning 
direction ' . 

FIGS. 5A and 5B show 'depth curves of spot 
diameter (change of spot diameter with respect to 
defocus of beam spot)' for each image height of beam 
25 spot on the example 1. 
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In the figures, the image heights are total 21 
image heights obtained from dividing ±150 mm into equal 
intervals. FIG- 5A is for the main scanning direction 
while FIG. 5B is for the sub-scanning direction. 
5 In the example 1, the order of 30 ttm is aimed 

as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions. As shown in the figures, 
satisfactory depths are provided for both the main and 
sub-scanning directions. Accordingly, an allowance for 
10 positional accuracy on the surface to be scanned is 
large . 

In the example 1, a back length of 168.62 (mm) 
which is larger than the half of the conjugate length 
(distance between the deflection reflective surface of 

15 the polygon mirror and the surface to be scanned) of 
316.21 (mm) in the sub-scanning direction of the 
scanning optical system is set. 

The scanning optical system of the example 1 
is an optical system which condenses a beam deflected by 

20 the optical deflector 5 and thus forms thereof a beam 

spot on the surface 9 to be scanned, and consists of the 
two lenses 6 and 7. The lens 6 on the side of optical 
deflector 5 has a negative refracting power in the sub- 
scanning direction. The lens 7 on the side of surface 9 

25 to be scanned has a positive refracting power in the 
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sub-scanning direction and has a surface (S4) in which 
the shape in a sub- scanning section thereof is a non-arc 
shape. The above-mentioned surface S4 is a sub-non-arc 
surface. The lens 6 on the side of optical deflector 5 
5 has a positive refracting power in the main scanning 

direction. Further, the lateral magnification jS 2 in the 
sub- scanning direction at the central image height of 
the scanning optical system satisfies the above- 
mentioned condition (1). 

10 The above-mentioned sub -non -arc surface (S4) 

is such that the shape in the main scanning section 
thereof is a non-arc shape. 

Further, the lenses 6 and 7 constitute an 
anamorphic optical system having a function of making 

15 the position on or in the proximity of the deflection 

reflective surface and the position on the surface 9 to 
be scanned have a geometric -optical conjugate 
relationship with regard to the sub- scanning direction. 

Further, each of all the lens surfaces of the 

20 lenses 6 and 7 are such that curvatures in the main and 
sub -scanning directions thereof are different from one 
another . 

Further, when a spot diameter of beam spot on 
the surface to be scanned is defined by the 1 / e 2 
2 5 intensity in the line spread functions of light 
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intensity distribution of the beam spot, the lenses 6 
and 7 have an imaging capability such that the above- 
mentioned spot diameter is equal to or smaller than 50 
(lm in each of the main and sub- scanning directions in 
the effective writing range . 

The sub-non-arc surface (S4) of the four lens 
surfaces of the lenses 6 and 7 is such that the non-arc 
amount which is a difference of the non-arc shape in a 
sub- scanning section thereof from the arc shape varies 
asymmetrically in the main scanning direction. 

Each of the four lens surfaces of the lenses 6 
and 7 is such that the curvature in the sub- scanning 
direction thereof varies in the main scanning direction. 
Further, each of the surfaces S2 and S3 of these four 
surfaces is such that the curvature in the sub- scanning 
direction thereof varies asymmetrically in the main 
scanning direction. 

Further, the scanning optical system is such 
that the lateral magnification 3 2 in the sub- scanning 
direction at the central image height and the lateral 
magnification j3 h in the sub-scanning direction at any 
image height satisfy the above-mentioned condition (2). 

Furthermore, the scanning optical system is 
such that the effective writing width W and the width Fs 
of the sub-scanning curvature of field in the effective 



writing width satisfy the above-mentioned condition (3). 

Further, each of at least two surfaces (S2 and 
S3) of the four lens surfaces of the lenses 6 and 7 is 
such that a curvature in a sub- scanning section thereof 
varies asymmetrically in the main scanning direction, 
and these surfaces have an air separation therebetween. 

Accordingly, the optical scanning device in 
the first embodiment shown in FIG. 31 employing the 
scanning optical system in the example 1 is the optical 
scanning device in the single-beam system which couples 
a beam from the light source 1 by the coupling lens 2 to 
the subsequent optical system, forms of the coupled beam 
a line image long in the main scanning direction on or 
in the proximity of the deflection reflective surface of 
the optical deflector 5 by the line-image forming 
optical system 4, deflects the beam at a uniform angular 
velocity by the optical deflector 5, condenses the 
deflected beam so as to form thereof a beam spot on the 
surface 9 to be scanned by the scanning optical system 6 
and 7, and thus scans the surface 9 to be scanned, and 
employs the above -described scanning optical system as 
the scanning optical system 6 and 7 . 

Examples 2 through 6 according to the present 
invention will now be described. 

Each of the examples 2 through 6 is a concrete 
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example of the optical scanning device in the second 
embodiment shown in FIG. 32. 

The example 2 will now be described. 

FIG. 6 shows an optical disposition of the 
5 example 2 from the light source 1A to the surface 9 to 
be scanned. 

Data concerning the configuration shown in FIG. 
6 is as follows: 

the light source 1A: a semiconductor laser 

10 array; 

the number of light -emitting sources of the 
light source 1A: 4; 

each of the intervals between the light - 
emitting sources of the light source 1: 14 fim-, 
15 the wavelength of the light -emitting sources 

of the light source 1: 780 nm; 

the coupling lens 2 : a configuration of two 
groups of three lenses (the second group consisting of 
joined lenses); 
20 the focal length of the coupling lens 2: 22 

mm; 

the coupling function of the coupling lens 2 : 
collimating function; 

the aperture 3: the shape of opening: a 

25 rectangle; 
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the opening width in the main scanning 
direction of the aperture 3: 9.0 mm; 

the opening width in the sub -scanning 
direction of the aperture 3: 7.6 mm; 
5 the cylindrical lens 4 : the focal length in 

the sub-scanning direction: 126.18 mm; 

the polygon mirror 5 : the number of deflection 
reflective surfaces: 5, the radius of inscribed circle: 
25 mm, the incidence angle of beam from the side of 
10 light source: 60° ; and 

the method of scanning: 1200 dpi, fifth-order 
interlaced scanning. 

Data concerning the optical systems disposed 
between the polygon mirror and the surface to be scanned 
15 will now be described. 

R.i(0) X Y n f m f s 

co 60.13 0.111 
-51.33 33.02 0 1.52398 183.434 -1290.62 
-79. 45 37. 33 0 

80.00 10.00 0 1.52398 -462.606 77.179 
-79. 22 175. 72 0 

The values of the coefficients for the main 
scanning direction and sub- scanning direction of the 
25 respective lens surfaces are shown in the following 



i R rai 

L^vf I SX -341.10 

S2 -77. 86 

LEfrS 7 53 -119.74 

S4 -149. 50 
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tables 6 through 9 . 
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15 The values of the coefficients for the sub- 

scanning direction of the exit surface (S4) of the lens 
7 are shown in the following table 10. In the table 10, 
'Co' denotes , Ks(0)' in the first term of the right side 
of the expression (9). 
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The lateral magnification jS 2 of the scanning 
optical system in the example 2 in the sub- scanning 
direction at the central image height is as follows: 

0 2 = 1.320 

and it satisfies the above-mentioned condition (1). 

FIG. 9 shows the curvature of field (the left 
figure; the solid line for the sub-scanning direction; 
the broken line for the main scanning direction) and the 
uniform- velocity characteristics (the right figure; the 
solid line for the linearity; the broken line for the f 
0 characteristic) , with regard to the light -emitting 
source chl (the most outside light -emitting part) of the 
example 2 . 

The width of curvature of field for the entire 
scanning range 323 mm is 0.0098 mm/323 mm in the sub- 
scanning direction, and 1.340 mm/323 mm in the main 
scanning direction. 

The linearity of the uniform-velocity 
characteristics is 0.050 %/323 mm. 

Accordingly, both the curvature of field and 
uniform-velocity characteristics are very well corrected. 

The sub- scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 
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(3) 0.098 / 323 = 0.000303 < 0.005 

FIG. 8 shows change of the lateral 
magnification j3 h in the sub-scanning direction at any 
5 image height with respect to the lateral magnification 
j3 2 in the sub-scanning direction at the central image 
height. As a result, 

I 0h / 3 2 | =1.000 

10 Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

FIG. 7A shows variation of radius of curvature 
in the sub- scanning direction of the exit surface (S2) 

15 of the lens 6. FIG. 7B shows variation of radius of 

curvature in the sub- scanning direction of the entrance 
surface (S3) of the lens 7. Each of these surfaces is 
'a surface in which a curvature in the sub-scanning 
direction varies asymmetrically in the main scanning 

20 direction' . 

FIGS. 10A and 10B show 'depth curves of spot 
diameter (change of spot diameter with respect to 
defocus of beam spot) ' for each image height of beam 
spot with regard to the light -emitting source chl of the 

25 example 2. In the figures, the image heights are total 
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21 image heights obtained from dividing ±150 mm into 
equal intervals. FIG. 10A is for the main scanning 
direction while FIG. 10B is for the sub- scanning 
direction. 

5 In the example 2, the order of 30 Mm is aimed 

as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions. As shown in the figures, 
satisfactory depths are provided for both the main and 
sub- scanning directions. Accordingly, an allowance for 
10 positional accuracy on the surface to be scanned is 
large . 

In the example 2, a back length of 175.72 (mm) 
which is larger than the half of the conjugate length 
of 316.20 (mm) in the sub-scanning direction of the 
15 scanning optical system is set. 

The example 3 will now be described. 

FIG. 11 shows an optical disposition of the 
example 3 from the light source 1A to the surface 9 to 
be scanned. 

20 Data concerning the configuration shown in FIG. 

11 is as follows: 

the light source 1A: a semiconductor laser 

array ; 

the number of light -emitting sources of the 
25 light source 1A: 4; 
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each of the intervals between the light - 
emitting sources of the light source 1A: 14 timt 

the wavelength of the light -emitting sources 
of the light source 1A: 780 nm; 

the coupling lens 2: a configuration of a 
single lens; 

the focal length of the coupling lens 2: 2 7 

mm; 

the coupling function of the coupling lens 2 : 
collimating function; 

the aperture 3 : the shape of opening : a 

rectangle; 

the opening width in the main scanning 
direction of the aperture 3: 9.0 mm; 

the opening width in the sub -scanning 
direction of the aperture 3: 1.9 mm; 

the cylindrical lens 4 : the focal length in 
the sub -scanning direction: 58.69 mm; 

the polygon mirror 5 : the number of deflection 
reflective surfaces: 5, the radius of inscribed circle: 
20 mm, the incidence angle of beam from the side of 
light source: 60° ; and 

the method of scanning: 1200 dpi, adjacent 

scanning . 

Data concerning the optical system disposed 
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between the polygon mirror and the surface to be scanned 
will now be described. 



i R mi R»i(0) X Y n f m f s 

^tS- C cTi% ^0 oo oo 55.84 0.225 

LeWS? $ l "309.83 -42.49 30.94 0 1.52398 200.207 -81.794 

S2 -81.44 -3654.71 69.52 0.227 

l^kJS 1 53 -129. 99 119. 29 10. 71 0 1. 52398 -2093. 66 69. 037 

«?4 -151.53 -50.75 149.20 0 



15 The values of the coefficients for the main 

scanning direction and sub- scanning direction of the 
respective lens surfaces are shown in the following 
tables 11 through 14. 
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The values of the coefficients for the sub- 
scanning direction of the exit surface (S4) of the lens 
7 are shown in the following table 15. In the table 15, 
■Co' denotes 'Ks(O) ' in the first term of the right side 
5 of the expression (9). 
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The lateral magnification 3 2 of the scanning 
optical system in the example 3 in the sub-scanning 
direction at the central image height is as follows : 

jS 2 = 0.704 

and it satisfies the above-mentioned condition (1). 

FIG. 14 shows the curvature of field (the left 
figure; the solid line for the sub- scanning direction; 
the broken line for the main scanning direction) and the 
uniform-velocity characteristics (the right figure; the 
solid line for the linearity; the broken line for the f 
9 characteristic), with regard to the light -emitting 
source chl of the example 3 . 

The width of curvature of field for the entire 
scanning range 323 mm is 0.065 mm/323 mm in the sub- 
scanning direction, and 0.105 mm/323 mm in the main 
scanning direction. 

The linearity of the uniform-velocity 
characteristics is 0.088 %/323 mm. 

Accordingly, both the curvature of field and 
uniform-velocity characteristics are very well corrected. 

The sub- scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 
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(3) 0.065 / 323 = 0.000201 < 0.005 

FIG. 13 shows change of the lateral 
magnification jS h in the sub- scanning direction at any 
5 image height of beam spot with respect to the lateral 
magnification j3 2 in the sub-scanning direction at the 
central image height of beam spot on the example 3 with 
regard to the light -emitting source chl. As a result, 

10 0.998 ^ I j8 h / j8 2 I ^ 1.000 

Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

15 FIG. 12A shows variation of radius of 

curvature in the sub -scanning direction of the exit 
surface (S2) of the lens 6. FIG. 12B shows variation of 
radius of curvature in the sub- scanning direction of the 
entrance surface (S3) of the lens 7. Each of these 

20 surfaces is 'a surface in which a curvature in the sub- 
scanning direction varies asymmetrically in the main 
scanning direction' . 

FIGS. 15A and 15B show 'depth curves of spot 
diameter (change of spot diameter with respect to 

25 defocus of beam spot)' for each image height of beam 
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spot on the example 3 with regard to the light -emitting 
source chl . In the figures, the image heights are total 
21 image heights obtained from dividing ±150 mm into 
equal intervals. FIG. 15A is for the main scanning 
direction while FIG. 15B is for the sub- scanning 
direction . 

In the example 3, the order of 30 Hxa. is aimed 
as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions. As shown in the figures, 
satisfactory depths are provided for both the main and 
sub- scanning directions. Accordingly, an allowance for 
positional accuracy on the surface to be scanned is 
large . 

In the example 3, a back length of 149.20 (mm) 
which is near to the half of the conjugate length of 
316.21 (mm) in the sub-scanning direction of the 
scanning optical system is set. 

The example 4 will now be described. 

FIG. 16 shows an optical disposition of the 
example 4 from the light source 1A to the surface 9 to 
be scanned. 

Data concerning the configuration shown in FIG. 
16 is as follows: 

the light source 1A: a semiconductor laser 

array; 
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the number of light -emitting sources of the 
light source 1A: 4; 

each of the intervals between light -emitting 
sources of the light source 1A: 30 Ura; 
5 the wavelength of light -emitting sources of 

the light source 1A: 655 nm; 

the coupling lens 2 : a configuration of two 
groups of three lenses (the second group consisting of 
joined lenses); 
10 the focal length of the coupling lens 2: 22 

mm; 

the coupling function of the coupling lens 2 : 
collimating function; 

the aperture 3: the shape of opening: a 

15 rectangle; 

the opening width in the main scanning 
direction of the aperture 3: 7.3 mm; 

the opening width in the sub- scanning 
direction of the aperture 3: 2.7 mm; 
20 the cylindrical lens 4 : the focal length in 

the sub-scanning direction: 70.00 mm; 

the polygon mirror 5: the number of deflection 
reflective surfaces : 5 , the radius of inscribed circle : 
25 mm, the incidence angle of beam from the side of 
25 light source: 60° ; and 
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the method of scanning: 1200 dpi, fifth- order 
interlaced scanning. 

Data concerning the optical systems disposed 
between the polygon mirror and the surface to be scanned 
will now be described. 

i R mi R.i(O) X Y n f m f s 

SO co co 45.64 0.107 

\jetiS 6 $ l "267.64 -67.47 37.99 0 1.52716 220.645 -645.213 

$2 -85.05 -100.52 55.54 0 

ISVS 1 S3 -177.01 -93.15 13.57 0 1.52716 2259.23 78.124 

SA -158.18 -29.99 163.48 0 

The values of the coefficients for the main 
scanning direction and sub -scanning direction of the 
respective lens surfaces are shown in the following 
tables 16 through 19. 
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The values of the coefficients for the sub- 
scanning direction of the exit surface (S4) of the lens 
20 7 are shown in the following table 20. In the table 20, 
'C 0 ' denotes 'Ks(O)' in the first term of the right side 
of the expression (9). 
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The lateral magnification j8 2 of the scanning 
optical system in the example 4 in the sub-scanning 
direction at the central image height is as follows : 

/3 2 = 1.116 

and it satisfies the above-mentioned condition (1). 

FIG. 19 shows the curvature of field (the left 
figure; the solid line for the sub- scanning direction; 
the broken line for the main scanning direction) and the 
uniform- velocity characteristics (the right figure; the 
solid line for the linearity; the broken line for the f 
0 characteristic), with regard to the light -emitting 
source chl of the example 4 . 

The width of curvature of field for the entire 
scanning range 323 mm is 0.092 mm/323 mm in the sub- 
scanning direction, and 0.334 mm/323 mm in the main 
scanning direction. 

The linearity of the uniform-velocity 
characteristics is 0.317 %/323 mm. 

Accordingly, both the curvature of field and 
uniform-velocity characteristics are very well corrected. 

The sub- scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 
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(3) 0.092 / 323 = 0.000285 < 0.005 

FIG. 18 shows change of the lateral 
magnification j3 h in the sub-scanning direction at any 
image height of beam spot with respect to the lateral 
magnification j3 2 in the sub-scanning direction at the 
central image height of beam spot on the example 4 with 
regard to the light -emitting source chl. As a result, 

I j8 h / j8 2 I = 1.000 

Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

FIG. 17A shows variation of radius of 
curvature in the sub -scanning direction of the exit 
surface (S2) of the lens 6. FIG. 17B shows variation of 
radius of curvature in the sub- scanning direction of the 
entrance surface (S3) of the lens 7. Each of these 
surfaces is 'a surface in which a curvature in the sub- 
scanning direction varies asymmetrically in the main 
scanning direction 1 . 

FIGS. 20A and 20B show 'depth curves of spot 
diameter (change of spot diameter with respect to 
defocus of beam spot) ' for each image height of beam 
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spot on the example 4 with regard to the light -emitting 
source chl . In the figures, the image heights are total 
21 image heights obtained from dividing ±150 mm into 
equal intervals. FIG. 20A is for the main scanning 
direction while FIG. 20B is for the sub- scanning 
direction . 

In the example 4, the order of 30 Aim is aimed 
as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions . As shown in the figures , 
satisfactory depths are provided for both the main and 
sub-scanning directions. Accordingly, an allowance for 
positional accuracy on the surface to be scanned is 
large . 

In the example 4, a back length of 163.48 (mm) 
which is larger than the half of the conjugate length 
of 316.22 (mm) in the sub-scanning direction of the 
scanning optical system is set. 

The example 5 will now be described. 

FIG. 21 shows an optical disposition of the 
example 5 from the light source 1A to the surface 9 to 
be scanned. 

Data concerning the configuration shown in FIG. 
21 is as follows: 

the light source 1A: a semiconductor laser 

array ; 
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the number of light -emitting sources of the 
light source 1A: 4; 

each of the intervals between the light - 
emitting sources of the light source 1A: 24 Mm; 

the wavelength of the light -emitting sources 
of the light source 1A: 6 55 nm; 

the coupling lens 2: a configuration of two 
groups of three lenses (the second group consisting of 
joined lenses) ; 

the focal length of the coupling lens 2: 22 

mm; 

the coupling function of the coupling lens 2 : 
collimating function; 

the aperture 3 : the shape of opening : a 

rectangle ; 

the opening width in the main scanning 
direction of the aperture 3: 7.3 mm; 

the opening width in the sub -scanning 
direction of the aperture 3: 3.6 mm; 

the cylindrical lens 4: the focal length in 
the sub- scanning direction: 70.00 ram; 

the polygon mirror 5: the number of deflection 
reflective surfaces: 5, the radius of inscribed circle: 
25 mm, the incidence angle of beam from the side of 
light source: 60° ; and 
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the method of scanning: 1200 dpi, fifth-order 
interlaced scanning. 

Data concerning the optical systems disposed 
between the polygon mirror and the surface to be scanned 
5 will now be described. 

i R mi R.i(O) X Y n f m f s 

fpfi'v? ^0 oo oo 43.58 0.144 

UrV* b SI -244.39 -35.00 40.40 0 1.52716 220.860 -180.092 

92 -83.36 -77.53 30.00 0.137 

10 

l^i 1 92 -208.08 -104.52 15.00 0 1.52716 2281.08 74.349 

S4 -181.80 -29.92 187.23 0 

The values of the coefficients for the main 
scanning direction and sub- scanning direction of the 
15 respective lens surfaces are shown in the following 
tables 21 through 24. 
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The values of the coefficients for the sub- 
scanning direction of the exit surface (S4) of the lens 
7 are shown in the following table 25. In the table 25, 
'Co' denotes 'Ks(O)' in the first term of the right side 
of the expression (9). 
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The lateral magnification j8 2 of the scanning 
optical system in the example 5 in the sub- scanning 
direction at the central image height is as follows: 

5 J3 2 = 1.383 

and it satisfies the above-mentioned condition (1). 

FIG. 24 shows the curvature of field (the left 
figure; the solid line for the sub- scanning direction; 
10 the broken line for the main scanning direction) and the 
uniform- velocity characteristics (the right figure; the 
solid line for the linearity; the broken line for the f 
9 characteristic), with regard to the light -emitting 
source chl of the example 5 . 
15 The width of curvature of field for the entire 

scanning range 323 mm is 0.093 mm/323 mm in the sub- 
scanning direction, and 0.133 mm/ 323 mm in the main 
scanning direction. The linearity of the uniform- 
velocity characteristics is 0.218 %/323 mm. Accordingly, 
20 both the curvature of field and uniform- velocity 
characteristics are very well corrected. 

The sub- scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 



25 



(3) 0.093 / 323 = 0.000288 < 0.005 
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FIG . 23 shows change of the lateral 
magnification j3 h in the sub -scanning direction at any 
image height of beam spot with respect to the lateral 
magnification j3 2 in the sub- scanning direction at the 
5 central image height of beam spot on the example 5 with 
regard to the light -emitting source chl . As a result, 

! /3 h / j3 2 I = l.ooo 

10 Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

FIG. 22A shows variation of radius of 
curvature in the sub -scanning direction of the exit 

15 surface (S2) of the lens 6. FIG. 22B shows variation of 
radius of curvature in the sub- scanning direction of the 
entrance surface (S3) of the lens 7. Each of these 
surfaces is 'a surface in which a curvature in the sub- 
scanning direction varies asymmetrically in the main 

20 scanning direction 1 . 

FIGS. 25A and 25B show 'depth curves of spot 
diameter (change of spot diameter with respect to 
defocus of beam spot)' for each image height of beam 
spot on the example 5 with regard to the light-emitting 

25 source chl. In the figures, the image heights are total 



21 image heights obtained from dividing ±150 mm into 
equal intervals. FIG. 25A is for the main scanning 
direction while FIG. 25B is for the sub-scanning 
direction . 

In the example 5, the order of 30 lives, is aimed 
as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions . As shown in the figures , 
satisfactory depths are provided for both the main and 
sub- scanning directions. Accordingly, an allowance for 
positional accuracy on the surface to be scanned is 
large . 

In the example 5, a back length of 187.23 (mm) 
which is larger than the half of the conjugate length 
of 316.21 (mm) in the sub-scanning direction of the 
scanning optical system is determined. 

The example 6 will now be described. 

FIG. 26 shows an optical disposition of the 
example 6 from the light source 1A to the surface 9 to 
be scanned. 

Data concerning the configuration shown in FIG. 
26 is as follows: 

the light source 1A: a semiconductor laser 

array ; 

the number of light -emitting sources of the 
light source 1A: 4; 
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each of the intervals between light -emitting 
sources of the light source 1A: 14 Mm; 

the wavelength of light -emitting sources of 
the light source 1A: 780 nm; 
5 the coupling lens 2 : a configuration of a 

single lens; 

the focal length of the coupling lens 2: 27 

mm; 

the coupling function of the coupling lens 2 : 
10 collimating function; 

the aperture 3: the shape of opening: a 

rectangle ; 

the opening width in the main scanning 
direction of the aperture 3: 9.0 mm; 
15 the opening width in the sub -scanning 

direction of the aperture 3: 1.6 mm; 

the cylindrical lens 4: the focal length in 
the sub-scanning direction: 58.69 mm; 

the polygon mirror 5: the number of deflection 
20 reflective surfaces: 5, the radius of inscribed circle: 
20 mm, the incidence angle of beam from the side of 
light source: 60° ; and 

the method of scanning: 1200 dpi, adjacent 

scanning . 

25 Data concerning the optical systems disposed 



between the polygon mirror and the surface to be scanned 
will now be described. 
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10 The values of the coefficients for the main 

scanning direction and sub -scanning direction of the 
respective lens surfaces are shown in the following 
tables 26 through 29. 
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15 The values of the coefficients for the sub- 

scanning direction of the exit surface (S4) of the lens 
7 are shown in the following table 30. In the table 25, 
'C 0 ' denotes 'Ks(O) ' in the first term of the right side 
of the expression (9). 
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The lateral magnification /3 2 of the scanning 
optical system in the example 6 in the sub- scanning 
direction at the central image height is as follows : 

5 j3 2 = 0.704 

and it satisfies the above-mentioned condition (1). 

FIG. 29 shows the curvature of field (the left 
figure; the solid line for the sub-scanning direction; 

10 the broken line for the main scanning direction) and the 
uniform- velocity characteristics (the right figure; the 
solid line for the linearity; the broken line for the f 
9 characteristic), with regard to the light -emitting 
source chl of the example 6 , . 

15 The width of curvature of field for the entire 

scanning range 323 mm is 0.103 mm/323 mm in the sub- 
scanning direction, and 0.132 mm/323 mm in the main 
scanning direction. The linearity of the uniform- 
velocity characteristics is 0.104 %/323 mm. Accordingly, 

20 both the curvature of field and uniform-velocity 
characteristics are very well corrected. 

The sub- scanning curvature of field satisfies 
the above-mentioned condition (3). That is: 

25 (3) 0.103 / 323 = 0.000319 < 0.005 
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FIG. 28 shows change of the lateral 
magnification j3 h in the sub-scanning direction at any 
image height of beam spot with respect to the lateral 
magnification jS 2 in the sub-scanning direction at the 
central image height of beam spot on the example 6 with 
regard to the light -emitting source chl . As a result, 

0.998 ^ I j8 h / j8 2 I ^ 1.000 

Accordingly, the magnification change satisfies the 
above-mentioned condition (2), and is very well 
corrected. 

FIG. 27A shows variation of radius of 
curvature in the sub- scanning direction of the entrance 
surface (SI) of the lens 6. FIG. 27B shows variation of 
radius of curvature in the sub- scanning direction of the 
exit surface (S4) of the lens 7. Each of these surfaces 
is 'a surface in which a curvature in the sub-scanning 
direction varies asymmetrically in the main scanning 
direction' . 

FIGS. 30A and 30B show 'depth curves of spot 
diameter (change of spot diameter with respect to 
defocus of beam spot) ' for each image height of beam 
spot on the example 6 with regard to the light -emitting 
source chl. In the figures, the image heights are total 
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21 image heights obtained from dividing ±150 mm into 
equal intervals. FIG. 30A is for the main scanning 
direction while FIG. 30B is for the sub-scanning 
direction . 

5 In the example 6, the order of 30 lixa. is aimed 

as the spot diameter defined by the 1 / e 2 intensity of 
the line spread functions. As shown in the figures, 
satisfactory depths are provided for both the main and 
sub-scanning directions. Accordingly, an allowance for 
10 positional accuracy on the surface to be scanned is 
large . 

In the example 6, a back length of 158.52 (mm) 
which is near the half of the conjugate length of 
342.01 (mm) in the sub-scanning direction of the 
15 scanning optical system is set. 

The scanning optical system of each of the 
examples 2 through 6 is an optical system which 
condenses a beam deflected by the optical deflector 5 
and thus forms thereof a beam spot on the surface 9 to 
20 be scanned, consists of the two lenses 6 and 7, the lens 

6 on the side of optical deflector 5 having a negative 
refracting power in the sub- scanning direction, the lens 

7 on the side of surface 9 to be scanned having a 
positive refracting power in the sub-scanning direction, 

25 and at least one lens surface (S4) of the lens surfaces 
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of the lenses 6 and 7 being such that a shape in a sub- 
scanning section thereof is a non-arc shape. 

Further, the surface (S4) in which the shape 
in the sub- scanning section thereof is the non-arc shape 
is a sub-non-arc shape such that the above-mentioned 
non-arc shape varies according to the position of the 
sub- scanning section in the main scanning direction. 
Further, the lens 6 on the side of optical deflector 5 
has a positive refracting power in the main scanning 
direction . 

Further, the scanning optical system of each 
of the examples 2 through 6 is such that the lateral 
magnification /3 2 in the sub-scanning direction at the 
central image height of the scanning optical system 
satisfies the above-mentioned condition (1). 

Further, the above-mentioned sub-non-arc 
surface (S4) is such that the shape in the main scanning 
section thereof is a non-arc shape. 

Further, the lenses 6 and 7 constitute an 
anamorphic optical system having a function of making 
the position on or in the proximity of the deflection 
reflective surface and the position on the surface to be 
scanned have a geometric -optical conjugate relationship 
with regard to the sub-scanning direction. 

Further, each of all the lens surfaces of the 
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lenses 6 and 7 is such that curvatures in the main and 
sub -scanning directions thereof are different from one 
another. 

Further, when a spot diameter of beam spot on 
5 the surface to be scanned is defined by the 1 / e 2 
intensity in the line spread functions of light 
intensity distribution of the beam spot, the lenses 6 
and 7 have an imaging capability such that the above- 
mentioned spot diameter is equal to or smaller than 50 
10 Mm in each of the main and sub-scanning directions in 
the effective writing range. 

Further, the sub-non-arc surface (S4) of the 
four surfaces of the lenses 6 and 7 is such that the 
non-arc amount which is a difference of the non-arc 
15 shape in a sub-scanning section thereof from the arc 
shape varies asymmetrically in the main scanning 
direction. 

Further, each of at least two surfaces (S2, 
S3) of the four lens surfaces of the lenses 6 and 7 is 

20 such that the curvature in the sub- scanning direction 

thereof varies in the main scanning direction. Further, 
each of these surfaces S2 and S3 of these four surfaces 
is such that the curvature in the sub- scanning direction 
thereof varies asymmetrically in the main scanning 

25 direction. 
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Further, this scanning optical system is such 
that the lateral magnification j3 2 in the sub- scanning 
direction at the central image height and the lateral 
magnification j3 h in the sub- scanning direction at any 
5 image height satisfy the above-mentioned condition (2). 

Furthermore, the scanning optical system of 
each of the examples 2 through 6 is such that the 
effective writing width W and the width Fs of the sub- 
scanning curvature of field in the effective writing 
10 width satisfies the above-mentioned condition (3). 

Further, each of at least two surfaces (S2 and 
S3 in each of the examples 2 through 5, but SI and S4 in 
the example 6) of the four lens surfaces of the lenses 6 
and 7 is such that a curvature in a sub- scanning section 
15 thereof varies asymmetrically in the main scanning 

direction. Furthermore, these lens surfaces have an air 
separation therebetween . 

Further, the scanning optical system of each 
of the examples 2 through 6 is also used for condensing 
20 a plurality of beams deflected simultaneously so as to 
form a plurality of beam spots on the surface to be 
scanned. 

Accordingly, the optical scanning device in 
the second embodiment shown in FIG. 32 employing the 
25 scanning optical system of each of the examples 2 
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through 6 is an optical scanning device in the multi- 
beam system which couples beams from the plurality of 
light -emitting sources chl through ch4 by the coupling 
lens 2 to the subsequent optical system, forms of the 
coupled beams a plurality of line images long in the 
main scanning direction and separate in the sub- scanning 
direction on or in the proximity of the deflection 
reflective surface of the optical deflector 5 by the 
line-image forming optical system 4 common to the 
plurality of beams, simultaneously deflects the beams at 
a uniform angular velocity by the optical deflector 5, 
condenses the deflected beams so as to form thereof a 
plurality of beam spots separate in the sub- scanning 
direction on the surface 9 to be scanned by the scanning 
optical system 6 and 7 common to the respective 
deflected beams, and thus scans the surface 9 to be 
scanned so as to draw a plurality of scan lines 
simultaneously thereon, and employs the above -described 
scanning optical system as the common scanning optical 
system 6 and 7 . 

Further, this optical scanning device in the 
multi-beam system employs the monolithic semiconductor 
laser array 1A in which the plurality of light -emitting 
sources chl through ch4 are arranged to form a line as 
the light source of the device, where each of the 
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intervals of the light -emit ting sources of the 
semiconductor laser array 1A is equal to or larger than 
10 Mm. 

Further, in the optical scanning device in the 
third embodiment shown in FIG. 33, the two light - 
emitting sources may be configured as ones equivalent to 
the configuration of two light -emitting sources ch2 and 
ch3 in the semiconductor laser array in each of the 
examples 2 through 6 as the light source device of the 
optical scanning device. In the case where such a light 
source device is employed, the scanning optical system 
of each of the examples 2 through 6 may be preferably 
employed in the optical scanning device. 

In each of the above -described examples, the 
F-number in the sub- scanning direction of the scanning 
optical system is approximately 28 at the most. 
Accordingly, the system is bright in comparison to F- 
number of 52 through 73.5 of the multi-beam scanning 
optical system proposed in Japanese Laid-Open Patent 
Application No. 8-297256, for example. Therefore, it is 
possible to reduce the diameter of beam spot, and to 
achieve high-density writing. 

Further, although the two lenses 6 and 7 are 
made of plastic in each of the above -described examples, 
it is also possible to instead use glass material, or to 
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instead use a combination of plastic material and glass 
material . 

FIG. 34 shows an image forming apparatus in 
one embodiment of the present invention. 

A photoconductive photosensitive body 100 
employed as a photosensitive medium has a cylindrical 
shape and rotates at a uniform velocity in the direction 
of the arrow, is charged uniformly by a charging unit 
(although shown as of a corona discharging type, being 
able to be of a contact type such as a charging roller) 
112, and has an electrostatic latent image formed 
thereon through writing by an optical scanning device 
114. 

This electrostatic latent image is developed 
by a developing unit 116. A visualized image obtained 
from the developing is transferred onto a sheet -like 
recording medium (transfer paper, plastic sheet for 
overhead projector or the like) S by a transfer unit 
(although shown as of a roller type, being able to be of 
a transfer and separation charger type) 120. The 
recording medium S has the transferred visualized image 
fixed thereon by a fixing unit 122, and is ejected out 
from the apparatus . 

In the apparatus shown in FIG. 34, a toner 
hopper 118 feeds stored toner to the developing unit 116 
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as a demand arises, and the hopper and all are 
replaceable - 

Only part including and subsequent to an 
optical deflector 1141 of the optical scanning device 
114 is shown in the figure. A beam deflected by the 
optical deflector 1141 passes through a lens 1142, has 
the optical path thereof bent by mirrors 1144 and 1145, 
passes through a lens 1146, exits from the optical 
scanning device 114, and performs optical scanning on 
the photosensitive body 100 . 

In this embodiment, the lens 1142 and 1146 
constitute a scanning optical system, and correspond to 
the lenses 6 and 7 in each of the above-described 
examples 1 through 6 . The back length is a distance 
between the surface of the lens 1146 on the side of the 
photosensitive body 100 and the photosensitive body 100. 

In order to reduce a load borne by a user for 
replacing the toner hopper 118, the storage toner amount 
of the toner hopper is increased so that the period of 
replacing the toner hopper is elongated. Thereby, the 
size of the toner hopper 118 is enlarged, and, therefore, 
the long back length is required for the optical 
scanning device 114. In this view point, each of the 
above -described examples 1 through 6 has the long back 
length as mentioned above, and, thereby, is preferably 
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employed In such an image forming apparatus which 
requires the long back length. 

Thus, the apparatus shown in FIG. 34 is an 
image forming apparatus forming a latent image on the 
photosensitive surface of the photosensitive body 100 by 
performing scanning thereon by the optical scanning 
device 100, visualizing the latent image so as to obtain 
an image. In the apparatus, any of the optical scanning 
devices described above is used as the optical scanning 
device 114 which performs scanning of the photosensitive 
surface of the photosensitive body 100. The 
photosensitive body 100 is 'a photoconductive 
photosensitive body 1 , and an electrostatic latent image 
formed as a result of uniform charging of the 
photosensitive surface and scanning thereof by the 
optical scanning device is visualized into a toner image. 

Thus, according to the present invention, it 
is possible to achieve novel scanning optical system, 
optical scanning device and image forming apparatus. 

A scanning optical system according to the 
present invention is of 'a retrofocus type' such that 
negative and positive refracting powers are distributed 
in the order from an optical deflector in sub- scanning 
direction, and 'the rear principal point in the sub- 
scanning direction' is disposed on the side of surface 
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to be scanned from an actual configuration of lenses . 
Thereby, whether in the single-beam system or in the 
multi-beam system, it is possible to secure a long back 
length. 

Further, by employing a sub-non-arc surface 
and effectively correcting wavefront aberration, it is 
possible to stably obtain a small-sized beam spot on or 
smaller than the order of 50 fim. 

An optical scanning device according to the 
present invention, employing the above -described 
scanning optical system, thus can achieve satisfactory 
writing in high writing density by a small- sized stable 
beam spot. By employing such a scanning optical system 
in an optical scanning device in a multi-beam system, it 
is possible to make stable the scan-line pitch against 
structural change, and to achieve satisfactory optical 
scanning in the multi-beam system, which then can 
perform high-density writing. 

An image forming apparatus according to the 
present invention, by employing an optical scanning 
device according to the present invention having a 
satisfactory performance, can thus achieve satisfactory 
image formation. 

The present invention is not limited to the 
above -described embodiments, and variations and 
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modif ications may be made without departing from the 
scope of the present invention. 

The present application is based on Japanese 
priority application No. 11-284443, filed on October 5, 
5 1999, the entire contents of which are hereby 
incorporated by reference. 
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WHAT IS CLAIMED IS 



1. A scanning optical system condensing a 
beam deflected by an optical deflector so as to form a 
beam spot on a surface to be scanned, comprising two 
lenses, wherein: 

a lens on the side of optical deflector 
thereof has a negative refracting power in sub- scanning 
direction; 

a lens on the side of surface to be scanned 
thereof has a positive refracting power in the sub- 
scanning direction; and 

at least one lens surface of the lens surfaces 
of said two lenses is such that a shape in a sub- 
scanning section thereof is a non-arc shape. 



2 . The scanning optical system as claimed in 
claim 1, wherein the surface such that a shape in a sub- 
scanning section thereof is a non-arc shape is a sub- 
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non-arc surface such that the non-arc shape changes 
according to the position in main scanning direction of 
the sub -scanning section. 



3 . The scanning optical system as claimed in 
claim 1 , wherein said lens on the side of optical 
10 deflector has a positive refracting power in main 
scanning direction. 



15 

4 . The scanning optical system as claimed in 
claim 1, wherein a lateral magnification & 2 in the sub- 
scanning direction at a central image height of said 
optical system satisfies the following condition (1): 

20 

(1) 0.5 ^ I j3 2 I ^ 2.0 



25 
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5 . The scanning optical system as claimed in 
claim 2, wherein a shape of the sub-non-arc surface in a 
main scanning section is a non-arc shape. 

5 



6 . The scanning optical system as claimed in 
claim 1, wherein said optical system comprises an 
10 anamorphic optical system having a function of making a 
position on or the proximity of a deflection reflective 
surface of the optical deflector and a position on the 
surface to be scanned have a geometric- optical conjugate 
relationship with regard to the sub-scanning direction. 



7 . The scanning optical system as claimed in 
20 claim 6, wherein, in each of all the four lens surfaces 
of said two lenses, curvatures in the main and sub- 
scanning directions are different from one another. 



25 
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8 . The scanning optical system as claimed in 
claim 1, wherein said optical system has an imaging 
capability such that, when a spot diameter of a beam 
spot on the surface to be scanned is defined by 1 / e 2 
intensity in line spread function of light intensity 
distribution of the beam spot, the spot diameter in each 
of the main and sub- scanning directions is equal to or 
smaller than 50 Mm in an effective writing width. 



9 . The scanning optical system as claimed in 
claim 2, wherein a non-arc amount which is an amount of 
difference of the non-arc shape in a sub-scanning 
section of the sub-non-arc surface from an arc changes 
asymmetrically in the main scanning direction. 



10. The scanning optical system as claimed in 
claim 1, wherein: 

each of at least two lens surfaces of the four 
lens surfaces of said two lenses is such that a 
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curvature in a sub- scanning section varies in main 
scanning direction; 

at least one surface of said at least two lens 
surfaces is such that change in the main scanning 
direction of a curvature in a sub- scanning section 
thereof is asymmetrical; and 

said optical system is such that a lateral 
magnification j8 2 in the sub- scanning direction at a 
central height and a lateral magnification i3 h in the 
sub- scanning direction at any image height satisfy the 
following condition (2) 

(2) 0.9 ^ | j3 h /j3 2 I < 1.1 



11. The scanning optical system as claimed in 
claim 1, wherein an effective writing width W and a 
width Fs of sub -scanning curvature of field in the 
effective writing width satisfy the following . condition 
(3): 



(3) Fs / W < 0.005 
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12. The scanning optical system as claimed in 
claim 10, wherein said two lenses has at least two lens 
surfaces each of which is such that change in the main 
scanning direction of a curvature in a sub- scanning 
section is asymmetrical, and at least two lens surfaces 
of said at least two lens surfaces have an air 
separation therebetween . 



13. The scanning optical system as claimed in 
claim 11, wherein said two lenses has at least two lens 
surfaces each of which is such that change in main 
scanning direction of a curvature in a sub- scanning 
section is asymmetrical, and at least two lens surfaces 
of said at least two lens surfaces have an air 
separation therebetween. 



14. The scanning optical system as claimed in 
claim 1, wherein said optical system is used for 
condensing a plurality of beams simultaneously deflected 
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so as to form a plurality of beam spots on the surface 
to be scanned. 



15. An optical scanning device in a single- 
beam system coupling a beam from a light source to a 
subsequent optical system by a coupling lens, forming of 
the coupled beam a line image long in main scanning 
direction on or in the proximity of a deflection 
reflective surface of an optical deflector by a line- 
image forming optical system, deflecting the beam at a 
uniform angular velocity by said optical deflector, 
condensing the deflected beam so as to form a beam spot 
thereof on a surface to be scanned by a scanning optical 
system, and scanning said surface to be scanned, 

said scanning optical system comprising the 
scanning optical system claimed in claim 1 . 



16. An optical scanning device in a multi- 
beam system coupling beams from a plurality of light- 
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emitting sources to a subsequent optical system by a 
coupling lens, forming of the plurality of coupled beams 
a plurality of line images long in main scanning 
direction and separate in sub- scanning direction on or 
in the proximity of a deflection reflective surface of 
an optical deflector by a common line- image forming 
optical system, simultaneously deflecting the beams at a 
uniform angular velocity by said optical deflector, 
condensing the respective deflected beams so as to form 
thereof a plurality of beam spots separate in the sub- 
scanning direction on a surface to be scanned by a 
common scanning optical system, and scanning said 
surface to be scanned by the plurality of beam spots so 
as to draw a plurality of scan lines simultaneously 
thereon, 

said common scanning optical system comprising 
the scanning optical system claimed in claim 14. 



17. The optical scanning device as claimed in 
claim 16, wherein said plurality of light -emit ting 
sources comprise a monolithic semiconductor laser array 
in which the plurality of light -emitting sources are 
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arranged so as to form a line . 



18 . The optical scanning device as claimed in 
claim 17, wherein each of the intervals of the light - 
emitting sources of said semiconductor laser array is 
equal to or larger than 10 Mm. 



19. An image forming apparatus forming a 
latent image on a photosensitive surface of a 
photosensitive medium by scanning thereof by an optical 
scanning device, and visualizing the latent image so as 
to obtain an image, 

said optical scanning device comprising the 
optical scanning device as claimed in claim 15 . 



20. An image forming apparatus forming a 
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latent image on a photosensitive surface of a 
photosensitive medium by scanning thereof by an optical 
scanning device, and visualizing the latent image so as 
to obtain an image, 

said optical scanning device comprising the 
optical scanning device as claimed in claim 16. 



21. The image forming apparatus as claimed in 
claim 19, wherein said photosensitive medium comprises a 
photoconductive photosensitive body, and an 
electrostatic latent image formed as a result of uniform 
charging of the photosensitive surface and scanning 
thereof by the optical scanning device is visualized 
into a toner image. 



22. The image forming apparatus as claimed in 
claim 20 , wherein said photosensitive medium comprises a 
photoconductive photosensitive body, and an 
electrostatic latent image formed as a result of uniform 
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charging of the photosensitive surface and scanning 
thereof by the optical scanning device is visualized 
into a toner image. 
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ABSTRACT OF THE DISCLOSURE 

A scanning optical system condensing a beam 
deflected by an optical deflector so as to form a beam 
spot on a surface to be scanned, comprises two lenses. 
A lens on the side of optical deflector has a negative 
refracting power in sub-scanning direction. A lens on 
the side of surface to be scanned has a positive 
refracting power in the sub-scanning direction. At 
least one lens surface of the lens surfaces of the two 
lenses is such that a shape in a sub- scanning section 
thereof is a non-arc shape. 
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